Introduction
The biological tissues are successfully imaged using linear optical (LO) and NLO procedures [1] . It has been seen in recent years that to determine the optical nonlinearity behaviour [2] [3] [4] [5] [6] [7] [8] [9] [10] and electro-optic applications the organic molecules with conjugate and functionalize structures have been widely investigated. The second-harmonic generation (SHG) and two-photon-excited fluorescence (TPEF) among the developed NLO procedures are extensively studied as imaging devices in the laboratories. Information about the sub-wavelength spatial arrangement for molecular nonlinear probes due to their coherent structures is provided by SHG technique rather than TPEF. The second-order optical nonlinearity only appears in noncentrosymmetric medium but is forbidden with centro-inversion symmetry. It is worth mentioning that to image the biological systems without considering any symmetry condition the third-harmonic generation (THG) is another attractive optical nonlinearity process.
Rather high γ values have been particularly obtained by carotenoids [11] and porphyrin like [12] compounds.
In this work, our aim is to present the LO and NLO behaviour of the title compounds in Figure 1 by studying dispersion-free and frequency-dependent a and dispersion-free γ parameters with ab-initio and DFT calculations. Lacking the theoretical γ determinations, the produced results here may be useful to understand the NLO phenomena of similar structures. The objective of the present study is also to characterize 1 and 2 ( Figure 1 ) using UV-Vis spectral analysis. To find out the charge transfer effects within the title compounds, the highest occupied molecular orbitals (HOMOs) and the lowest unoccupied molecular orbitals (LUMOs) have been defined by means of DFT.
Theoretical Calculations
We have firstly optimized the geometries of molecular structures for the title compounds. And then, the static dipole polarizabilities have been computed by the finite field (FF) approach [13] . To obtain the optimized structures and dispersion-free a values by DFT method at B3LYP/ 6-31G(d) level, GAUSSIAN03W [14] have been utilized as package program. The orientationally averaged (isotropic) dipole polarizabilities a are expressed as follows [15] :
The dynamic hyperpolarizability values are often carried out using self-consistent field (SCF) technique (so-called TDHF) [16] . The TDHF procedure of the GAMESS [17] γ . The computations using 6-31G(d) polarized basis set is to find out quite certain NLO parameters. Accurate hyperpolarizability calculations need to truly choice of basis sets. In general, since the molecular hyperpolarizabilities also need to know the explanation of the wave function tails, the diffuse and/ or polarization functions should be included in the basis sets for supporting the convergence of the property [18] . Bartlett et al. [19] show that the dispersion-free (hyper) polarizabilities require to use large basis sets. Kenawi et al. [20] performed the (hyper)polarizability computations with various polarized and / or diffused basis sets at DFT and Hartree-Fock levels of theory for diclofenac sodium. The best (hyper)polarizability values for the studied diclofenac sodium have been obtained from the calculations with polarized and diffuse functions [20] . The (hyper)polarizabilities are computed by the numerical derivatives of the electric dipole moments according to the applied electric fields, so their computed values might be affected by the basis set properties. The various basis sets with polarized and diffused functions could be utilized for computing the (hyper)polarizabilities. Maroulis [18] reported that the types of valence polarization need to truly choice of basis sets. He mentioned that because of the large size of trans-butadiene, the involvement of electron correlations needs a strict study of the basis set effects [18] . It is expected that 6-31G(d) polarized basis set utilized in this work seems to find out the molecular properties with near Hartree-Fock accuracy.
The averaged (isotropic) second hyperpolarizabilities γ have been computed as follows:
In this work, to determine the OPA wavelengths ) ( max λ of 1-2, we utilized the CIDRT group which indicates the configuration interaction (CI) with all doubly occupied molecular orbitals from Hartree-Fock reference determinant. The max λ calculations have been directly performed by means of TDHF procedure using 6-31G basis set implemented in the GAMESS [17] program. The calculations on OPA wavelengths do not need to have any polarized basis sets including d polarized functions. So, we used 6-31G basis set without adding a d polarized function to obtain max λ values of the lowest lying electronic transitions for the studied compounds. All frequency dependent dipole polarizabilities, hyperpolarizabilities and transition (HOMOs) and the lowest unoccupied molecular orbitals (LUMOs) have been defined by me DFT.
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Computational Results and Discussion
In this work, the maximum OPA wavelengths for the title molecules have been examined within 400-700 nm by UVVis recording spectrometer. The UV-Vis patterns of 1 have been taken from chlorophyll a, solved in ethanol, 1 wt %1 of ferulic acid (FA) and also 5 mM of chenodeoxycholic acid (CDCA) as shown in Figure 2 The higher estimated energies are related to the reduced CI technique, correlating the ground levels but not excited levels. The multi-reference configuration interaction (MRCI) procedure includes the excitations inferred from both ground level electronic configuration and also a few excited levels. The Slater determinants obtained by the excitations are known as reference Slater determinants.
To use more than one reference configuration results in better correlations and much decreased energy values. Therefore, using MRCI computation, one can have more powerful correlation effects between the ground and excited levels of the molecular structures. The quantitatively correct excitation energies might be attained by carefully selection of the references. To take into account the highest configuration of an excited level in the reference space generates much decreased energy value for the excited configuration. As a result, much higher excitation energies produced by CI method are reduced. MRCI might supply important improvement on the computed max λ values of the examined compounds.
But, MRCI is rather time consuming and so expensive procedure to get such values computationally. Tables 1-2 , respectively, list a few important computed components for dispersion-free dipole polarizabilities and second hyperpolarizabilities of 1-2. The static  values in Table 1 have an apparent reduction in sort order 1>2, while the static  values show a reduction in sort order 2>1 in Table 2 . Compound 1 has lower static cubic  , and thereby it is seen that compound 2 has much better third-order NLO phenomena than compound 1.
A few important computed components for dynamic dipole polarizabilities of 1-2 are shown in Table 3 . The dynamic  values and their corresponding static ones display exactly same reduction in sort order 1>2 (see Tables 1,3 ). Tables 1-2 , respectively, list a few important computed components for dispersion-free dipole polarizabilities and second hyperpolarizabilities of 1-2. The static a values in Table 1 have an apparent reduction in sort order 1>2, while the static γ values show a reduction in sort order 2>1 in Table 2 . Compound 1 has lower static cubic γ , and thereby it is seen that compound 2 has much better third-order NLO phenomena than compound 1.
A few important computed components for dynamic dipole polarizabilities of 1-2 are shown in Table 3 . The dynamic a values and their corresponding static ones display exactly same reduction in sort order 1>2 (see Tables 1,3 ).
The calculated first and second frontier molecular orbital energies and also energy band gaps for 1-2 are presented in Table 4 . Figure 3 shows the first and second frontier MOs. It has been found that the first and second frontier molecular orbital energy band gaps give a reduction in sort order 2 ≥ 1. There is a certain relationship between hyperpolarizabilities and HOMO-LUMO band gaps. The HOMO-LUMO energy band gaps with lower values can achieve better hyperpolarizabilities. B (Soret) and Q transitions can be easily observed by UV-Vis spectral analysis of 1 in Figure 2 [21] . The transitions among HOMO / HOMO-1 and LUMO / LUMO+1 could be represented by Q and B bands, respectively. The frontier orbitals for 1 are placed on the porphyrin chain, whereas there is no centering on the phytol chain. As a result, many electronic transitions related to 1 will originate from the porphyrin chain. A major contribution of structural symmetry for porphyrin chain still existing in 1 even with the existence of some functional substituents on the domain of the chain is introduced into quite uniform spatial distribution of orbital among the pairs of first and second frontier. The electronic transition of molecule containing the photons which provide high oscillator strengths for upper and lower transitions is mainly supported by uniform spatial range between occupied and unoccupied frontier molecular orbitals. The first frontier highest occupied and lowest unoccupied molecular orbitals for 2 display almost the same charge-density transmission (see Table 4 ).
Conclusions
Attempts have been made in the present work for the OPA characterizations and second hyperpolarizability responses of 1-2 from the UV-Vis spectra and quantum chemical calculations. The assignments made to obtain the OPA wavelengths of 1 and 2 by means of CI method with coherent variations from the measured data seem to be correct. The dipole polarizability and third-order ahraoui B., Nguyen Phu X., Sallé M., and Gorgues A., Electronic and nuclear contributions to 
